Calcified amorphous tumor (CAT) is a rare, non-neoplastic tumor involving calcium deposition in amorphous materials. Although its etiology is unknown, cases have frequently been reported in patients with hemodialysis for chronic kidney disease. We herein describe a case of cardiac CAT in a 64-year-old woman who had been on hemodialysis for diabetic nephropathy for 20 years, and the findings of the present patient, in association with the findings of previous case reports, suggest that end-stage renal disease seems to play an important role in the onset of CAT, especially in CAT formation at the mitral annulus, which appears to differ from CAT occurring at other sites.
Introduction
Calcified amorphous tumor (CAT) is a pseudoneoplastic intracavitary mass comprising nodular calcium deposition, which was originally described in 1997 (1) . CAT is differentiated from other tumors, such as inflammatory myofibroblastic tumor, hamartoma of mature cardiac myocytes, mesothelial monocytic incidental cardiac excrescences, lipomatous hypertrophy of the atrial septum, thrombus and vegetation (2) . Although its etiology remains unclear, several cases of CAT involving patients with end-stage renal disease (ESRD) and hemodialysis have been reported (3) (4) (5) (6) (7) . We herein report a case of a hanging CAT which developed near the mitral valve in a patient on hemodialysis for chronic renal failure due to diabetes mellitus, and we also review previous reports of CAT to evaluate the incidence of ESRD in CAT.
Case Report
A 64-year-old woman was admitted to our hospital for the treatment of arteriosclerosis obliterans (ASO). She had been on hemodialysis for diabetic nephropathy for 20 years. She had undergone percutaneous coronary stent implantation into segment 1 of the right coronary artery because of angina pectoris 12 years earlier. She had also undergone surgery for a right femoral neck fracture 15 years earlier and for lumbar spondylosis 14 years earlier. No symptoms were present.
On admission, her body temperature was 36.3 , blood pressure was 138/62 mmHg, and heart rate was 57 beats/ min. Physical examination revealed a systolic murmur (Levine grade II) at the 3rd left sternal border and pulses in the left dorsal pedal and posterior tibial arteries were not palpable.
Laboratory data showed increased serum levels of creatinine (1.96 mg/dL) and intact parathyroid hormone (238.4 pg/mL). Other findings for serum biochemistry were normal, including: calcium, 9.1 mg/dL; phosphate, 2.4 mg/dL; prothrombin time-international normalized ratio (PT-INR), 1.07; activated partial prothrombin time, 30.7 seconds; Ddimer, 1.2 μg/mL, and C-reactive protein, 0.07 mg/dL. Electrocardiography showed a sinus heart rhythm, left axis deviation, Q waves in II, III, aVF, negative T waves in V3-6, and poor R progression in V1-4. Chest radiography demonstrated normal lung fields and a cardiothoracic ratio of 48%. Transthoracic and transesophageal echocardiography showed a mobile hyperechoic mass measuring 15 mm in length on the posterior leaflet (P2 region) of the mitral valve, with mild mitral regurgitation and marked mitral annular calcification (Figure a and b) . Mild aortic stenosis was seen with a calcified aortic valve. However, the mass had not been observed during previous transthoracic echocardiography which had been performed three years before this presentation.
Thrombus and cardiac tumors including calcified amorphous tumor and cardiac myxoma were suspected, because she showed no signs or symptoms of infective endocarditis. Endovascular treatment for ASO was postponed and resection of the mass was performed because of the risk of embolism. Intraoperatively, a very thin calcified mass measuring 15 mm in length on the basal area of the P2 region of the mitral valve was easily removed (Figure c) . A histopathological examination of the specimen revealed focal calcification and fibrin degeneration (Figure d) . Postoperatively, this patient was discharged without any postoperative complications or problems.
Discussion
The pathologic features of CAT are a nodular calcified mass encapsulated by a rim of dense fibrous connective tissue adherent to the endocardium, the deposition of calcium surrounded by eosinophilic, amorphous material, collagen and chronic inflammatory cells (1) . Although the etiology of CAT is uncertain, those pathologic features suggest that CAT involves an organized, calcified mural thrombus (1, 8, 9) and several factors seem to be linked with CAT, including endothelial damage, stasis, a hypercoagulable state, abnormal calcification metabolism, and chronic inflammation (1, 8, 10, 11) . The causes of hypercoagulability include atrial fibrillation, trauma, antiphospholipid syndrome, and malignancy, as well as genetic hematologic diseases, such as protein C and protein S deficiencies (8, 12) .
The present patient with CAT was receiving hemodialysis for chronic renal failure due to diabetes mellitus. Hemodialysis is also related to hypercoagulability (13) , and chronic kidney disease can lead to metabolic bone disease and ectopic calcification, including vascular calcification via the disruption of calcium homeostasis and alterations of the calcium regulatory mechanisms including parathyroid hor- -phosphate product (14) . We then conducted a literature search for reports of CAT and investigated case backgrounds using the term "calcified amorphous tumor" in PubMed and Igaku Chuo Zasshi, Japan's largest medical-literature database. Fifty-three cases of CAT have been reported (1, (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . The total of 54 patients, including our own, showed the following characteristics: mean age, 57±17 years (range, 17-85 years); 22 men, 32 women; 21 Americans, 18 Japanese, 8 non-Japanese Asians (4 Indians, 2 Koreans, one Turkish, one Iranian), and 7 European (2 English, 1 Spanish, 1 Portuguese, 1 Albanian, 1 Belgian, and 1 Greek). Seventeen of those 54 patients had ESRD (16 patients on hemodialysis, 1 patient on peritoneal dialysis), including 13 of 18 Japanese, 1 of 21 Americans, and 3 of 7 Europeans.
The sites of CAT are shown in Table, and CAT was most frequently observed at the mitral annulus, followed by the right ventricle (Table) . The data in Table were analyzed by Mann-Whitney U test, Fisher's exact test, or the chi-square test. CAT at the mitral annulus was significantly more frequent in patients with ESRD (8/17) than in patients without ESRD (6/37; p=0.0163, chi-square test for independence). On the other hand, CAT presented most frequently at the right atrium and ventricle in non-ERSD patients (Table) , and the frequency of CAT in the right ventricle was higher in non-ESRD than in ESRD (p=0.0234, Fisher's exact probability test). ERSD thus appears related to CAT at the annulus of the atrioventricular valve, although the precise mechanisms remain unknown. Moreover, six of eight ESRD patients with CAT at the mitral annulus obviously had mitral annular calcification (MAC). Further study is needed to elucidate the mechanisms underlying the formation of CAT.
Finally, periodic postoperative follow-up with cardiac imaging studies is needed because cardiac CAT may recur and increase in size following surgical excision (39) , and even in ERSD patients, CAT should be differentiated from other tumors including lipomatous hamartoma (40).
In conclusion, ESRD seems to play an important role in MAC-related CAT formation, which appears to differ from CAT occurring at other sites.
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